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Annotation. This article shows the possibility of using the shock impulse method widely used in the building
industry for the control of above-ground concrete structures in relation to elements of underground geocomposite
protective constructions. Instead of amplitude, it is proposed to use the duration of the shock pulse as an informative
parameter. This is explained by the fact that, with the constancy of the projectile design and the properties of the media
contacting upon impact, the duration of the impact, depending on the speed of the impactor before the impact, will
change very slightly, much less than the shock pulse amplitude. Thus, stabilization of the impact force is not required,
which greatly facilitates the task. As a result of experimental studies performed in the laboratory on various mortar
mixtures that harden, it was established that there is a close correlation relationship between two data arrays: the values
of the shock pulse duration and the uniaxial compression strength. It was experimentally established that the power-law
dependence of the set informative parameter decreases with an increase in the strength limit of the material under
uniaxial compression. The reliability of the obtained regression equations is in the range of 0.82 - 0.9. The closest
correlation between the strength characteristics and the duration of the shock pulse is observed for concrete. The
possibility of assessing the concrete strength properties using the proposed method variant was investigated. Samples
of hydraulic concrete were taken for testing, from which cubic-shaped samples with a rib of 100 mm were made. Unlike
concrete, in the study of hardening mixtures, a range with low strength values was covered. However, in this case, a
correlation was found between the strength and duration of the shock pulse. This shows the possibility of using the
shock pulse method in the new version, with the previously unused informative parameter - the shock pulse duration for
assessing the strength of mortar mixes that harden, which are widely used to create geocomposite constructions. It is
shown, that the shock pulse method good recommending to yourself for strength properties assessment of materials in
the natural conditions.

Keywords: shock impulse method, compression strength, geocomposite constructions.

Introduction. One of the promising ways to improve the sustainability of the
workings located in a block-structured environment is the directional change in the
properties of the rock massif by creating geocomposite protective constructions. The
effectiveness of this design is determined by the validity of the selected parameters
and quality control of its construction, as well as monitoring the current state of the
system “‘support — massif™.

The creation of a geocomposite is achieved in various ways, for example, by
injecting a solution that harden into the massif or by tamponage a mounting space, by
cementation and concrete spraying, using bookmarks that harden, etc. One of such
geocomposite construction’s elements is always mortar mix that harden [1-3].
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Cementation of fractured rock massif is a traditional technical solution to
Increase its carrying capacity. In this case, the matrix and the reinforcing element
are similar in their physical and mechanical properties. The key to improving the
stability of a block massif in unequal component stress field is the adhesion of the
material being injected into the cracks. In Ukraine, studies on the cementation of
the rock massif for the conditions of mining enterprises and the development of an
appropriate regulatory and regularity technical base are carried out, including at
the Institute of Geotechnical Mechanics named by N. Poljakov of National
Academy of Sciences of Ukraine [4].

Under the category of geocomposite construction, the plot of the rock massif
with tamponage also falls, since, in addition to filling the voids behind the
enclosing shell, the cement slurry penetrates into the cracks between the blocks.
Tamponage with the use of cement-based solutions is very effective for stabilizing
the rock mass, both as an independent tool and in combination with others. Many
organizations are engaged in research in the field of tamponage in Ukraine. A
feature of the work performed at the Institute of Geotechnical Mechanics named
by N. Poljakov of National Academy of Sciences of Ukraine is the study of the
effect of various additives influence on the strength and waterproofing properties
of tamponage slurry that harden.

One of the main ways to create geocomposite constructions with nonmetallic
reinforcing elements is injection hardening of the geological environment. In
addition to the classical schemes of hardening the massif with fastening mixtures,
both on the basis of cement binders and on the basis of polymer resins, began to
pay more attention to the possibility of using injection rock bolt. Initially, its were
used in construction to strengthen the soil strata, but at the present time its are also
used to increase the bearing capacity of a strongly disturbed rock massif. Injection
rock bolts are perforated tubular structures with a transitional device for injecting
cement mortar or a polymer-based binder. The use of support elements of this type
provides not only the “stitching” of layers, as in metal-polymer rock bolts, but also
the fastening of a chaotic block structure.

As follows from the above, a wide range of materials is currently used for the
implementation of reinforcing elements of geocomposite structures: from metals to
polymers.

Recently, in connection with the ever-increasing complexity of solving the
problem of energy, interest in the development of uranium deposits has increased
significantly. At the same time, due to the increase in the depth of development,
the deterioration of mining and geological conditions for the development of
uranium deposits, difficult economic circumstances for uranium mining
enterprises and, consequently, an increase in production costs, the issue of
substantiation and improvement of technologies for maintaining mine workings,
support elements and control their condition.

Methods. The widespread use on underground uranium-mining enterprises of
bookmarks that harden, the introduction of new high-adhesive binders, reinforced
concrete and steel-polymer supports, the combination of which creates a
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geocomposite constructions with unique properties in the rock massif, with a
simultaneous intensification of mining operations, put forward new, more stringent
requirements for monitoring and diagnostics the state of the geomechanical system
"massif - support and protective constructions.” When reinforcing the rock massif
with the use of geocomposite constructions, the need arises for the operational
control of their condition. Preferable for rapid assessment of the current strength
of material that harden directly at the place of its use are non-destructive testing
methods. Ukraine has a national standard DSTU B V.2.7-220: 2009, which
regulates the means and methods of non-destructive testing for concrete. For it,
developed a number of methods and means of rapid assessment of strength
characteristics. But due to the peculiarities of performing control in underground
conditions, not all methods can be effectively used. At present, the shock pulse
method [5, 6] is quite successfully used to control the strength properties of
concrete.

The application of the method, however, has its own characteristics, which
impede the direct transfer of the technique developed for the control of concrete
structures in above-ground conditions in mine conditions.

Therefore, the actual task is to adapt this methodological development to
control the strength of hardening mixtures as elements of geocomposite protective
— supporting constructions.

The author has developed a method and a means of assessing the strength of
rocks and geocomposite constructions elements by the shock pulse method, which
allows using it in underground conditions. This technique is based on the
theoretically established correlation dependence of the ultimate strength for
uniaxial compression and the shock pulse duration [7], which is expressed as
follows:

2 2
re29s 2t A e
V, R 'pC, p,(c, +B)

where t — the shock pulse duration, ms; p; and p, — the density of the
hammer material and the material under test, respectively, kg/m?; V, — relative
velocity of bodies at the initial moment of contact, m/s; R — the radius of the
hammer’s spherical surface, m; m - the mass of the hammer, kg; C,; — the speed of
the longitudinal wave of the hammer material, m/s; o.— ultimate strength for
uniaxial compression, MPa; 4 and B — are constant values for a given test material.
This dependence is approximated as follows:

o =A1t".

It should be noted that the essence of the method is as follows: a hammer with
spherical surface hits the surface of the object, and the entire impact energy
(excluding heat losses) is expended on elastic and plastic deformations of the
material under study. As a result of plastic deformations, a dint is formed, and
elastic — a reactive force arises.



80 1SSN 1607-4556 (Print), ISSN 2309-6004 (Online) 'eorexniyna Mexanika. 2019. Ne 145

The higher the plastic properties of the medium, the more part of the impact
energy is spent on plastic deformations, the duration of the impact increases and
its strength properties decrease. Conversely, the higher the elastic properties, the
magnitude of the force increases, the duration of the impact decreases which
indicates an increase in strength of the material. That is, in the case of a
normalized impact, the magnitude of the reactive force and the duration of the
impact can serve as indicators of the object’s strength investigation, to which the
blow is struck. However, it is technically difficult to measure the strength and
duration of the strike.

To measure these quantities, an electromechanical transducer is included in the
design of the hammer, which converts the mechanical energy of an impact into an
electrical impulse. Amplitude will be proportional to the force, and time is
proportional to the duration of the impact. Therefore, amplitude and time can serve
as indirect strength characteristics of concrete or rock.

Results and discussion. The author has conducted experimental studies of the
dependence of the duration of a shock pulse on the strength properties of
geomaterials and mortar mixes that harden. The studies were performed on
samples of basic litotypes of rocks of the Zakhidnyi Donbas region (coal,
sandstone, mudstone, siltstone), Artemivskyi gypsum deposits and Kryvyi Rig iron
ore deposits, as well as the most widely used geocomposite materials in mining.

An important role in the formation of geocomposite constructions is played by
various mixtures that harden. Therefore, mixtures based on cement binder were
investigated in order to establish the informativeness of the method for monitoring
the hardening dynamics of the mortar mixture. Also considered options with the
addition to the base mixture of various additives: "Spraikon", calcium chloride
CaCl,, "TsentramentN3" (plasticizer), clay.

To strengthen the rocks, the most common is relatively cheap material —
cement mortar. In most cases, portlandcement is used, and in the presence of
aggressive groundwater, aggressive-resistant cements are used: pozzolanic, slag
portlandcement and others. To control the properties of cement slurries (setting
time, sedimentation stability, water permeability), activating additives are used:
ferric chloride, calcium chloride, sodium silicate. Adding bentonite clay to the
solution in the amount of 5 % of the sand mass increases 3-4 times the
sedimentation time of solid particles. Therefore, for tamponage the voids of the
mounting space, it is advisable to use sands containing slurry inclusions to prepare
the solution, which improves the pump ability of the mixture. However, a high
content of clay in the solution (over 10 %) leads to a decrease in the strength of the
cement stone.

In the work was used additive "Spraikon". This additive is based on
portlandcement, reinforced with fibers and polymers and is designed to restore of
the vertical and ceiling destroyed concrete. "Spraikon”, mainly used for the
restoration of concrete, is easily applicable to different types of cracks.
Compressive strength after 28 days can reach 44 MPa. Also, for the preparation of
the samples under study, we used an additive-plasticizer, a modified surfactant
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"Tsentrament N3". This additive significantly reduces the consumption of water in
the concrete mix, increases its mobility, gives greater homogeneity of the concrete
mix and improves its workability.

To determine the strength properties of geocomposites, mixtures based on
cement binder were investigated. Samples in the form of cubes were formed from
the studied mortar mixture. The mixture that harden was poured into molds and
kept for 3 days. After which the tests was conduct.

At the next stage of the experiment, of the shock pulse duration of the tested
samples from mixtures that harden was determined at various stages of their
hardening. Then samples were tested for uniaxial compression using a PSU-10
press in accordance with GOST 21153.2 — 84. After processing the results for
different categories of materials, a value field was obtained showing the
dependence of the “shock pulse duration — uniaxial compression strength”, and the
regression equations were calculated.

The closest correlation between the strength characteristics and the duration of
the shock pulse is observed for concrete. The possibility of estimating the strength
properties of concrete using the proposed method was investigated. For testing,
samples of hydrotechnical concrete were taken, from which samples of cubic
shape with a 100 mm edge were made. The test results of hydraulic concrete are
illustrated in Figure 1.
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Figure 1 — Experimental relationship between the shock pulse duration and
the ultimate strength for uniaxial compression for hydraulic concrete

The regression equation with a confidence of 0.9676 is:
o.=0.31197 7"

Unlike concrete, in the study of mixtures that harden was covered range with
low values of strength. However, and in this case, the presence of a correlation
between the strength and shock pulse duration was established, as illustrated in
Figure 2 and Figure 3.

The regression equations for arrays of data for mixtures that harden based on
cement binder are presented in Table 1.
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Figure 2 — Relationship between the shock pulse duration and the compressive strength
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Figure 3 — Relationship between the shock pulse duration and the compressive strength
for a water-sand-cement mixture that harden with the additive of CaCl,

Table 1 — Regression equations to describe the dependence of the strength for mixtures that
harden based on cement on the shock pulse duration

Test mixture Regres_s,lon Eq_uat.lc_m
equation reliability
;/gz?teir\;ggment-sand without oo 1.415470818 0.8225
Wa’ge_r-cement-s_and Wlt_h the o= 1.5417¢0%47 0.8971
additive of calcium chloride

Conclusions. Thus, as a result of experimental studies performed in the
laboratory on various mortar mixtures that harden, it was established that there is a
close correlation relationship between two data arrays: the values of the shock pulse
duration and the uniaxial compression strength. The reliability of the obtained
regression equations is in the range of 0.82 — 0.9. This shows the possibility of using
the shock pulse method in the new version, with the previously unused informative
parameter - the shock pulse duration for assessing the strength of mortar mixes that
harden, which are widely used to create geocomposite constructions.
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AHoTauifl. Y JaHi cTaTTi nokasaHa MOXNWBICTb 3aCTOCYBaHHS LUMPOKO BUKOPUCTOBYBAHOrO B OygiBEnbHin
NPOMMCIOBOCTI ANS KOHTPOMKO HAa3eMHWX OETOHHMX Cnopys MeTody YAApHOro iMMynbCy CTOCOBHO O ENEMEHTIB
Mig3EMHUX OXOPOHHMX TEOKOMMO3WUTHWUX KOHCTPYKLUi. B SKOCTi iHGhOopMaTMBHOrO napameTpy 3amicTb amnsiTyau
3anponoHOBaHO BUKOPUCTOBYBATH TpUBAniCTb YAAPHOrO iMMynbey. Lie NOACHIOETHCS TUM, WO NPK CTanoCTi KOHCTPYKLi
yAapHUKa i BNacTUBOCTEN KOHTaKTYIOUMX Npu yaapi CepedoBuLy TpUBANiCTb yAapy 3anexHo Bif WBWAKOCTI yAapHWKa
nepeq 3iTKHeHHsM Byde 3MIHIOBAaTUCA AyXe He3HayHo, HabaraTo MeHLUe, HiX amnniTyda yAapHoro iMnynscy. Takum
YMHOM, He noTpibHO cTabinisauii cunn ypapy, Wo Habarato nonerwye 3aBgaHHs. Y pesynbTaTi BUKOHAHMX
eKcnepuMeHTanbHUX JOCHIMKEHb Y 1abopaTopHUX YyMOBAX Ha Pi3HUX PO3YMHHKX CyMILLaX, WO TBEPAilTb, YCTaHOBMEHa
HasIBHICTb TICHOrO KOPErnALiiHOTO 3B'A3KY MiX ABOMa MacvBaMmu AaHuX: 3HAYEHHAMMU TPUBAIOCTi YAAPHOTO iMNyIbCy 1
MexXet MILHOCTi Ha OOHOOCBOBMM CTUCK. EkCnepuMeHTanbHO BCTAHOBMEHE 3MEHLIEHHS! MO CTaTEYHIA 3aneXHOCT
BCTAHOBNEHOrO iHPOPMATMBHOMO napameTpa npu 36iMblUEHHI MexXi MILHOCTI MaTepiany Ha OAHOOCHOBWA CTHCK,
BiporigHicTb oTpuMaHux piBHsHb perpecii nepebysae B Mexax 0,82 - 0,9. Hanbinbl TicHa Kopenauis Mix MiLHICHAMM
XapaKTepUCTUKaMKM | TPUBAMICTIO Y4apHOro iMnyrbcy croctepiractecs Ang GeToHy. byna gocnimkeHa MOXIMBICTb
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OLiHKM MiL{HICHMX BIacTMBOCTEN BETOHY 3 BUKOPWUCTAHHAM 3anpOnoOHOBAHOMO BapiaHTy MeTtoay. [Ans BunpobysaHb Gynu
BigibpaHi Npobu rigpoTexHiYHOro 6ETOHyY, 3 AKX BUrOTOBMIM 3pasku KybiuHoi popmu 3 pebpom 100 Mm. Ha BigmiHy Big
BeToHy, Npu AOCIMKEHHI CyMilien, Lo TBEPitoTb, OyB OXOMNEHWA Ajana3oH 3 HEBWUCOKUMM 3HAYEHHSMU MILHOCTI.
OpHak | B LbOMY BMMaZKy BCTAHOBMEHA HasBHICTb KOPENALiAHOI 3anexHOCTi MiX MILHICTIO i TpMBanicTO yaapHOro
iMnynbcy. Lle nokasye MOXNIMBICTb BUKOPUCTAHHA METOZY YAApHOro iMMynbCy B HOBOMY BapiaHTi, 3 iH(hOPMaTUBHIM
napameTpoMm, O paHille He BUKOPWUCTOBYBABCH — TPUBANICTIO YOAPHOrO iMNyNbCYy ANS OLIHKM MILHOCTI PO3YMHHMX
CyMILLER, L0 TBEPLiOTb, K LIMPOKO BUKOPUCTOBYIOTLCA MPWU CTBOPEHHI FEOKOMMO3UTHUX KOHCTPYKLiA. MMokasaHo, o
MeTOA yAapHoro imMnynscy aobpe 3apekomeHayBaB cebe Ans OLiHKW MILHICHUX BMACTUBOCTEN MaTepianis y HaTypHUX
yMOBaXx.
Knto4oBi cnosa: MeToq yAapHOro iMAybCy, MILHICTb Ha CTUCKaHHS!, reOKOMMO3WUTHI KOHCTPYKLT.

AHHOTauuA. B pgaHHOM cTaTbe MokasaHa BO3MOXHOCTb MPUMEHEHMS LUMPOKO WUCMOMb3YEMOr0 B CTPOUTENBHOM
NPOMBILLSIEHHOCTU AN KOHTPOMS Ha3eMHbIX GETOHHbLIX COOPYXeHU MeToda yOapHOro UMMynbCca NPUMEHUTENBHO K
aneMeHTaM MOA3EMHbIX OXPaHHbIX FEOKOMMO3UTHBIX KOHCTPYKUMIA. B kayectBe MHGOPMATUBHOrO napameTpa BMECTO
amMnANTyabl NPEeasioKEHO WCMoMnb3oBaTb ANMTENbHOCTb YAAPHOTO WMMNynbca. IATO OOBACHAETCA Tem, YTO Mpu
MOCTOSIHCTBE KOHCTPYKLMM YAAPHMKA U CBOMCTB KOHTAKTUPYIOLLMX NPYW yAape Cpea AnuTenbHOCTb Yaapa B 3aBUCUMOCTH
OT CKOPOCTW yhapHuKa nepef coypaapeHuem OyaeT M3MEHSITbCS O4YeHb HE3HAYWUTENbHO, HAMHOTO MeHbLUE, 4Yem
amnnuTyga yaapHoro uMnyneca. Takum obpasom, He TpebyeTtcst cTabunmsaumy cunbl yaapa, YTo HamHoro obnervaet
3agavy. B pesynbTate BbIMONHEHHbIX 3KCMEPUMEHTANbHbBIX MCCNegoBaHNi B NIabopaTopHbIX YCNOBUSAX HA pasfnyHbIX
TBEPAEIOWMX PACTBOPHbIX CMECSX YCTAHOBMEHO HanM4iMe TECHOW KOPPEMSILMOHHOM CBA3W MeXy ABYMS MaccuBamm
[aHHbIX: 3HAYEHWAMM ANUTENBHOCTW YOAPHOTO UMMynbCca W NpedenoM MPOYHOCTW Ha OAHOOCHOE CxaTue.
OKCNEpUMEHTaNbHO YCTAHOBMEHO YMEHbLUEHWE MO CTEMEHHOW 3aBWCMMOCTM YCTAHOBMEHHOTO MHGOPMATMBHOIO
napameTpa npw yBennyeHnn npeaena NpoyHOCTM MaTepuana Ha OAHOOCHOe cxaTue. [JoCTOBEPHOCTb MOMyYEeHHbIX
ypaBHeHui perpeccun Haxoputes B npegenax 0,82 — 0,9. Haubonee TecHas koppensuus mexay MpPOYHOCTHBLIMM
XapaKkTepucTukamMu ¥ AnNUTENbHOCTBIO  yAapHOro umnynbca Habnopgaetca ans 6eToHa. bbina uccnegosaHa
BO3MOXHOCTb OLIEHKM MPOYHOCTHbIX CBOWCTB BETOHA C WUCMONb30BaHWEM MpeafiaraeMoro BapuaHta Mmetoga. [ns
ucnbiTaHnin 6binn oTobpaHbl Npobbl TMAPOTEXHUYECKOTO BETOHA, U3 KOTOPLIX M3roTOBUMN 06pa3Lbl Kybuyeckon opmbl
¢ pebpom 100 mm. B otnmume ot BeToHa, Npu MCCNeAOBaHUM TBEPLEKLMX CMECEn Obin OXBaYeH AManal3oH C
HEBbICOKAMM 3HaYeHUsIMW NpPOYHOCTW. OpHaKo W B AaHHOM Chyyvae YCTAHOBNEHO Hamnuune KOppPensiLMOHHOM
3aBUCUMOCT  MEXOYy MPOYHOCTBIO W ANMTENBHOCTHIO YAAPHOTO WMMMyNMbCa. JTO MOKa3biBAaeT BO3MOXHOCTb
MCMONb30BaHUS METoAa YOApHOr0 WMMynbCa B HOBOM BapuaHTe, C HEWUCNONb3yeMbiM paHee MH(OPMaTUBHbLIM
napameTpoM — ASIUTENbHOCTBI) YAAPHOr0 WMMMyNbCa AN OLEHKM MPOYHOCTM TBEPAEHLUMX PACcTBOPHBLIX CMECEN,
KOTOpble LUMPOKO MCMOMb3YTCA MpU CO3AaHWWM TEOKOMMO3UTHBIX KOHCTPYKUMIA. [loka3aHo, 4TO MeToq YAapHOro
“MNyNbCa XOPOLLO 3apekomeHaoBan cebs 415 OLeHKM NPOYHOCTHbIX CBOWCTB MaTepuaroB B HAaTyPHbIX YCMOBUAX.

KnioueBbie cnoBa: MeToa yaapHOro MMNynbCca, MPOYHOCTb Ha CxaTe, FeOKOMMO3UTHbIE KOHCTPYKLWK.
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